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ABSTRACT
The objective of this study was to determine how weather affects the dry matter
percentage of a TMR fed to dairy cattle. Daily feed samples were collected from the
University of Maine’s J.F. Witter Teaching and Research Center and stored in a freezer
until dry matters could be determined. The feed samples were later thawed out, then
placed in an oven at 60oC for a minimum of three days. This allowed all the moisture to
be evaporated so the DM could be calculated. The maximum, minimum and average
temperatures, as well as the precipitation and humidity were obtained daily from The
National Weather Service website. The average DM of all the feed samples collected was
43.17% which is below the ideal range of 45-50%. When the ration DM is below this
range, the cows are consuming too much water and not enough DM. Due to various
problems which prevented consistent collections of data, this study was conducted during
colder months of the year rather than warm summer months. Data was collected during
February and March 2020, October and November 2020, December 2020, and during
January 2021. Overall, the data collected shows that the DM of the total mixed ration was
extremely variable, and weather had little effect on DM. The feed analysis, however,
shows strong correlations amongst the dry matter. As a result, this study proves that the
ratio of haylage to corn silage had an effect on the total mixed ration dry matter, rather
than did the weather.

Key Words: Dry Matter, Total Mixed Ration, Precipitation, Temperature, Milk
Production
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INTRODUCTION
The nutrient content of a cow’s diet contributes to their milk production. Since the
1950s, feeding a Total Mixed Ration, or TMR, has become a popular method of feeding
cows due to the high levels of milk production which can be achieved. A TMR is only
successful if it is nutritionally balanced and contains the proper roughage characteristics
and moisture percentage for ideal rumen function (Heinrichs et al. 2020). By definition, a
TMR is a method of feeding cattle which blends various feeds to an exact nutrient
content, into a single ration mix. The nutrient content is based on the cows’ nutrient
requirements. A TMR consists of grains, forages, vitamins, minerals, protein sources, and
other feed additives (Severson, 2019). Many studies have found that various ration
changes significantly affect milk production (Weiss et al. 2012). According to Eastridge
(2006), studies on TMR are beneficial, because milk yield increases as dry matter intake
(DMI) increases.

History of TMR
Schingoethe (2017) explains that prior to the 1960s, rather than a TMR, cows
were commonly fed pasture during warm seasons and hay or silage during colder
seasons. The forage was typically topdressed with a grain mixture made up of locally
available grains and proteins. Grains included corn, oats, wheat, and barley while protein
supplements included soybean meal, cottonseed meal, and linseed meal. Prior to the
common practice of feeding TMRs, there was little concern about feeding the most
accurately nutritionally balanced diet. The cows were provided with grains and forages
and left to meet their own nutrient needs. Farmers focused on adding protein into their
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cows’ diets but did not worry about specific minerals and vitamins. However, the dairy
industry began to change in the 1950s and 1960s. The nutrient demands of cows with
higher milk yields led to more nutritional research. Simultaneously, there was an increase
in milking parlor usage and dairy herd sizes, and the arrival of the bulk tank replaced the
practice of handling milk in cans. Table 1 shows the advancement of the dairy industry.
Table 1. Major developments in the dairy industry from the 1930s to 2014.
Date

Advancement

1930s First published articles about feeding concentrates and first milking parlor built
and used
1950s Bulk tanks replaced canned milk and feeding TMR was first reported at an
American Dairy Science meeting
1960s The first published article through Journal of Dairy Science regarding TMR
research and the development of the mixer wagon
1970s A large increase in barns built with freestalls and group housing
1990s The development of commodity by-products as feed and the development of
the shaker box system used to determine particle size of feed
2014

According to the USDA National Animal Health Monitoring System, 90% of
large dairy herds feed a TMR

TMR and Pasture Diets
Cattle are grazing animals, however the public may question why they are kept in
a barn. When cows are left on pasture, they are able to live a more natural lifestyle and
may be able to express behaviors more freely and normally. However, pasture limits the
milk production of dairy cattle because of an inability to consume all the necessary
nutrients required for high milk production. Kolver and Muller (1998) fed cattle either a
TMR or pasture. The control group was fed TMR, and the experimental group was fed
pasture. The four main differences observed between the control group and the
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experimental group included DMI, milk production, milk protein content, and body
condition scores. According to Kolver and Muller (1998), the pasture provided 19% less
organic DM (19.0 vs. 23.4 kg/d of DM) and net energy of lactation. The milk production
between the two groups was 29.6 kg/d, from the pasture-fed cows versus 44.1 kg/d from
the TMR fed cows. The decreased DMI was responsible for the 61% difference in milk
production. Intake of crude protein and neutral detergent fiber, however, remained the
same between the two groups.

Advantages and Disadvantages of Feeding a TMR
The TMR is an ideal method of feeding cows, because with every bite of food, the
animals consume the correct balance of ingredients for their rumens to digest. While
some ingredients are more palatable than others, the more palatable ingredients often
mask the less palatable ingredients. Cows also tend to sort through their feed due to the
taste, and they often eat the finer particles. This is why adequate roughage characteristics
are important. When the TMR is mixed thoroughly, the cows have little choice but to
consume the correct amount of each ingredient. This is important, because it prevents the
cows from developing metabolic problems, such as subacute ruminal acidosis due to
reduced consumption of the higher fiber roughages.
As the rumen microbes encounter the same mixture of nutrients throughout the
day, this results in a more stable environment, which helps to improve fermentation and
decrease metabolic upsets. This stable environment limits the swings in rumen pH, which
is important for the rumen protozoa. If the pH drops below 5.5, the protozoa starts to die
off. Finally, another advantage to feeding a TMR is that the use of tractors and feed
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wagons limit the costs of labor and the amount of hand labor required. However, feeding
a TMR requires expensive equipment which also comes with maintenance requirements
and costs.
Additionally, a lack of knowledge and experience in feeding TMR can affect the
feed ration. For example, over-mixing the feed can result in grinding and pulverizing the
feed which, according to Amaral-Phillips et al., affects the cow’s rumination time which
alters their saliva production. This may cause ruminal acidosis, displaced abomasums, or
a decreased feed intake. Undermixing the feed may result in less feed efficiency and feed
sorting which can lead to additional health concerns. Another potential problem is that
some farms are not good candidates for feeding TMR due to their facilities. This may be
due to narrow feed alleys, age, barn construction type, or the management (PennState
Extension, 2020). Some barns are not designed to fit equipment that is needed when
feeding TMR and some management does not have enough knowledge about TMR to
feed an appropriate ration that will benefit the herd. The biggest disadvantage to feeding
TMR is that there is always a range in the energy requirements among a group of cattle
and the TMR cannot meet the exact requirement for each cow. While cows with high
milk production require more feed, low producing cows require less. This may cause the
higher producers to become thinner and the lower producers to become overweight. A
method to help with this problem is top dressing TMR with additional grain. Top
dressing means to manually give each cow a specific amount of extra grain based on her
energy requirements. However, this method requires extra time and labor and is only
feasible in certain types of facilities.
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Grouping the Herd When Feeding TMR
Despite the disadvantages in feeding TMR, this remains an ideal method when
trying to maintain a herd’s energy requirements. However, in doing so, the herd is often
separated into groups due to differences in nutrient requirements. Some farms divide
heifers, dry cows, and lactating cows into smaller groups. Dry cows, specifically, benefit
from receiving variations of TMR, because they have different nutritional requirements
based on how close they are to their calving date. Feeding dry cows separately, based on
their days to calving, decreases the level of metabolic and nutritional disorders that may
occur when calving and during the post-calving weeks and allows for additives that can
prevent some of these disorders. When separating heifers, they are often categorized into
prebreeding and postbreeding groups (Heinrichs, 2020).

Storing and Feeding TMR
The components of the TMR are often stored in silos that are closed on three sides
with a plastic cover over the top, leaving one side open to the weather where feed is
removed. Stored separately, the feed components are put into a feed mixer. The feed
mixer is equipped with a scale to measure weights of individual feed ingredients and
mixes them to create the TMR. However, feeding according to weight is only accurate if
the moisture in the feed is accounted for. The farmer and nutritionist decide how much
feed to give each group based on the number of cows and some estimate of the DM
content of the feeds. However, weather conditions can alter the DM content of the feeds
on a daily basis. For example, if the farmer is feeding the herd the morning after a
rainstorm, then they will need to add more feed, because the weight includes the water
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that has been absorbed by the feed. By taking into consideration the weather, the farmer’s
goal is to feed the cows a consistent amount of DM, because it is the DMI that provides
all the non-water that affects the cows’ milk production and internal body functions.

Feed Mixing Errors
Feed-mixing errors may occur during TMR feeding and may be difficult to
control or prevent. For example, the accuracy of the scale may be an issue due to regular
wear and tear or if damage has been caused due to an accident. Another problem is that
while filling the mixer, it is nearly impossible to remove feed from the mixer if too much
is added. If the technician has an error in judgment as to how much feed to put into the
mixer, the cows may be fed too much of one or several ingredients. Finally, if too much
feed is put into the mixer, the feed may not be properly mixed which allows the cows to
sort through the feed and eat the ingredients that are more palatable resulting in an
incorrect diet.

Bunker Silos
When filling bunker silos, the process should be completed within two days to
ensure the forage moisture is uniform throughout the silo as well as avoiding
overexposure to precipitation and air. Bunker silos are filled in small layers at a time, less
than six inches is the recommendation, and they are packed on a slope. Tractors are used
to pack the forage which reduces air exposure and improves the fermentation process.
The slope is necessary, so the tractor is able to drive up, and because it reduces the risk of
a large pile collapsing. Saxe (2016) explains that a few of the most important
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characteristics of filling silos includes silage depth, forage layer thickness, time packing,
and tractor weight. Once the silos are filled, polyethylene plastic, ranging between 150μ
and 220μ is used to cover the feed and is held in place with tires. The purpose of the
plastic is to protect it from aerobic conditions and precipitation. According to Muck
(2006), 220μ white plastic has proven to be beneficial over 150μ black plastic due to the
ease in handling on windy days and the performance in reducing surface spoilage.
Additionally, Martin (2022) explains that the advantage to using half tires is they are
easier to handle and do not accumulate water. Bolton and Holmes (2004) compare the
design of wider, longer and more shallow bunker silos to more narrow, shorter, and
deeper bunker silos. While shallower bunker silos allow for shorter walls, deeper bunkers
limit the top surface exposure.

How and Why Weather Affects Silage
Weather is responsible for adding and removing moisture from stored feeds. At
the University of Maine’s J.F. Witter Teaching and Research Center, the hay is stored
inside a barn which provides cover and reduces exposure to the weather, while corn
silage, and hay crop silage are kept in bunker silos outside. In these silos, the feed is
protected on the top and on three sides, however the side where feed is removed from is
exposed. Weiss et al. (2012) researched DM percentages in corn silage and in hay crop
silage among eight dairy farms in northeastern Ohio. They then compared these statistics
to recorded national statistics. Among the eight farms in Ohio, the mean percentage of
DM in corn silage was 38.8± 2.07. For hay crop silage, the mean percentage of DM was
43.6, and the standard deviation was 2.38. The national statistics had a larger range of
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values. The mean DM percentage of corn silage was 33.4 with a standard deviation of
6.1. Finally, the mean DM percentage of hay crop silage was 40.1, and the standard
deviation was 10.3. These statistics are important when planning diet formulation
strategies because they give farmers an idea as to how much the DM percentage of
silages varies.

Varying Amounts of DM
A study done by Robinson et al. (2010) focused on the effects of feeding various
amounts of DM to 46 Holstein cows. The goal of this study was to find patterns relating
to the variations of DM. Rather than the weather affecting the DM of the TMR, in this
study the DM was altered by adding additional water to the already mixed feed. The
results of the project suggest that rumen water efflux did not influence DMI or milk yield.
In this study, the rumen fermentation and plasma parameters were also recorded.
Characteristics of rumen fermentation as well as plasma urea N, and plasma glucose did
not change with the differing DM percentages. Furthermore, Felton and DeVries (2010)
found in a different study that when water is added to TMR, the temperature of the feed
increases within the hours after feeding the cows. This led to an increase of sorting out
long particles, a decrease in DMI and a decrease in starch and neutral detergent fiber
intake. They found that the addition of water increased the production efficiency and did
not affect milk production or composition.
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Effects of a Higher Moisture Content in Feed
A different study, conducted by D.A. Lahr et al., (1983) was done on cattle during
their dry periods. One part of the study substituted dry hay for alfalfa silage, which
increased the cows’ DMI, and another part substituted corn silage with straw, which had
no effect on the DMI. This study was significant, because feed intake and DM is a
concern in dairy management. High moisture in dairy feed has several potential
advantages and disadvantages, and it may be preferred, because it helps decrease
separation of ingredients, allows for liberal usages of wet by-products and liquid
ingredients, and helps with palatability. High-moisture content may make texture more
ideal to the cattle, and it may also dilute less favorable tastes. Lastly, specific to silages or
grains, high moisture is responsible for easing preservation, reducing harvest loss, and
increasing the quality of the feed. However, cows consume less DM when they are fed
hay rather than haylage, which is one of the disadvantages to high-moisture content.
Similarly, ensiled legumes or grasses tend to be consumed more when harvested at lower
moisture percentages.

Optimum Dry Matter of TMR
The optimum DM percentage of a TMR is around 50%. This level of DM seems
to maximize feed intake without negatively affecting DM and nutrient intake. Large
amounts of ensiled forages or large amounts of wet by-products, such as wet distillers
grains are often responsible for making TMRs too wet. Oppositely, large amounts of dry
hay and concentrates are often responsible for making TMRs too dry. Schingoethe (2017)
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explains that molasses can be utilized to add moisture to TMR because it aids in
minimizing feed sorting.

Feed Efficiency in the Heat
Higher-producing cows require more DMI to support their nutritional demands
due to increased milk production. However, in the higher ambient temperatures, cows
consume less DM in order to reduce their metabolic heat production. Hill and Wall
(2017) conducted an experiment to discover how DM is converted to milk, which is
referred to as feed efficiency, in natural fluctuating weather conditions. After studying
328 cows over eight years, their data showed that the cows’ DMI, as well as their fat and
protein percentages in the milk, all decreased, but the cows’ feed efficiency increased
with rising humidity and temperatures.

Determining the Dry Matter Percentage of Feed Samples
A variety of methods can be utilized to determine the DM percentage of a feed.
Common devices include forced-air ovens, koster testers, microwaves, air fryers and food
dehydrators. An air fryer is one piece of equipment that works well because it has a
heating mechanism and a fan, which, together, circulate hot air. A Koster tester is quick
and inexpensive, and it works by blowing heated air through a screen and onto the
feedstuff. A disadvantage of the Koster tester method is that small amounts of the feed
sample can be lost, thus altering measurements. While this method is still accurate
enough for most projects, it does have a higher chance of error than other methods. The
drying time with the Koster tester is between 25 and 50 minutes.
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A microwave can also be utilized in drying feedstuffs. While the drying time is as
little as five to ten minutes, this method has several disadvantages. The first disadvantage
is the risk of burning the feed. Due to this risk, the samples should not be used for further
testing, such as nutrient analyses. Additionally, the samples require constant monitoring
while being dried in a microwave. On the other hand, a food dehydrator requires minimal
operator attention. This method takes two to eight hours to dry properly. Finally, nearinfrared reflectance spectroscopy (NIRS) is a newer method to determine DM of a feed
sample. These devices are quick but provide results that are highly variable (DaireXNET
(2019)). These devices measure the water bonds in the sample.

Objectives and Hypotheses
Farmers work to maintain their cattle’s high milk production by focusing on feed
efficiency and DMI. This project will show how weather, during various seasons in
Maine, affects the DM of TMR. I hypothesized that weather parameters, specifically
precipitation, temperature, and humidity, will significantly affect the DM of a TMR. The
null hypothesis is that weather parameters will have no effect on ration DM.

11

MATERIALS AND METHODS
Cattle and facilities from the University of Maine’s J.F. Witter Teaching and
Research Center were utilized for this project. Witter Farm has a small dairy herd which
varied in herd size between 21 to 27 registered lactating Holstein cattle throughout the
duration of the trial. The age of the cattle ranges between two to eight years old. The
cattle are housed in a tie stall barn and are fed a TMR once daily. In addition to the TMR
ration, the cows with higher nutritional demands are given supplemental top-dressed
grain.

Feed Storage and Feed Distribution at the Witter Farm
At the University of Maine, the corn silage and haylage are stored in bunker silos.
The feed is protected by three concrete walls with the top being covered with double
layered silo plastic, which is held down with tires. The fourth side is the open face,
exposed to the air and elements, which is the side from which the feed is removed.
The original objective was to collect daily TMR samples from each of four
months. These months were January, April, July and October and represented each of the
four seasons. Due to University of Maine campus COVID-19 restrictions, the Witter farm
was closed to all but essential personnel. TMR samples were only obtained during three
collection periods. As a result, this project consists of winter and fall data and lacks any
data from the spring and summer. Season 1 represents samples from February and March
2020, Season 2 represents samples from October and November 2020, and Season 3
represents samples from December 2020 and January 2021. During February and March
2020, the farm technician did not follow the feed ration sheet closely. The feed ration
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sheet is developed by the nutritionist and is a list of all the feeds and corresponding
weights to be mixed into a balanced TMR. Because the Witter Farm has a small herd of
dairy cattle, a minor mistake in feeding is magnified, while on a large farm, the mistake
may not have a significant effect. During Seasons 2 and 3, each cow was to receive a
TMR ration as shown in Table 2. The TMR at the Witter Farm consists of only four
ingredients to be mixed by the feeder. The makeup of the ration changes frequently due
to changes in herd milk production and the availability of the feeds. As can be seen, the
ration in Season 2 had additional cornmeal added to increase the energy level in the TMR
while reducing the price. The Corn meal was excluded from the Season 3 TMR due to
mold. The energy level in Season 3 remained similar due to additional corn silage in the
ration.

Table 2. Pounds of corn silage, haylage, cornmeal and dairy meal mixed and fed per head
per day for each season.
Corn Silage

Grass Haylage

Cornmeal

Dairy meal

Season 1

60.24

28.43

0.00

30.19

Season 2

52.15

43.61

3.00

26.16

Season 3

64.05

18.52

0.00

26.42

Table 3 shows the analyses of the haylage and corn silage fed in the TMR during each
season of the trial. As can be seen there was significant variability in the DM and nutrient
content of the silages fed throughout the trial. Only one silage (Season 2 Corn Silage) fell
outside the range of 30 - 50% DM considered optimum for silage fermentation. During
Season 2, additional samples were collected and analyzed.
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Table 3. Analyses of the haylage and corn silage fed in the TMR during each season.
Season/date

Forage

DM

CP

aNDF

NEL

2/24/20

Haylage

34.6

10.2

60.1

0.60

2/24/20

Corn Silage

33.6

7.5

52.3

0.73

10/16/20

Haylage 1

34.6

12.7

58.7

0.62

11/20/20

Haylage 2

32.1

13.2

60.9

0.60

10/15/20

Corn Silage 1

26.5

7.1

45.8

0.73

11/20/20

Corn Silage 2

46.2

8.4

37.1

0.76

12/27/20

Haylage

37.8

14.3

50.0

0.63

12/11/20

Corn Silage

35.0

8.0

44.9

0.73

Season 1

Season 2

Season 3

The grain mix fed throughout the trial consisted of 18 separate ingredients
including grain and grain byproducts, vitamin and mineral supplements, and additives
such as buffers, mycotoxin binders and ionophores. The TMR’s were balanced by the
farm’s nutritionist to meet the nutrient requirements of the herd. Table 4 indicates an
example of the grain that was fed during Season 3. The analysis of the grain was
completed in December 2020 and slight changes to the grain mix occurred throughout the
three seasons of the trial.
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Table 4. Grain analysis from December 12th, 2020.
As Fed

Dry Matter

Dry Matter

88.42

100

NEL

0.75

0.85

CP

24.35

27.45

peNDF

2.56

2.89

TMR Collections
A single representative grab sample of the TMR of 150-300 grams was collected
and put in a plastic bag. The grab sample was collected within an hour after the cows
were fed and was collected from the edge of the pile near the last cow. The sample was
also collected prior to topdressing the higher producing cows with additional grain. When
the TMR sample was collected, the first several inches were brushed off the top of the
pile, so the sample collected did not have additional moisture from the cows’ saliva. The
plastic bag was labeled with the date and stored in a freezer at 0o F for later analysis.

Weather Data Collection
The weather data was obtained from the National Weather Service, National
Oceanic and Atmospheric Administration, located at the Bangor International Airport
(https://www.weather.gov/). The humidity, high and low temperatures, average
temperatures, and the precipitation were recorded for every day that a feed sample had
been collected. “Precipitation prior” was also collected and represents the precipitation on
the day prior to the rest of the data collections. Because the weather data was measured at
midnight and the rations were mixed in the morning, the feed components stored outside
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were only exposed to the measured weather data for eight hours before being mixed and
fed to the cows. By recording the precipitation prior, the feed components had between
8:00am to midnight to sit out before being mixed into the feed. The precipitation prior
allowed the feed components 16 hours of weather exposure.

Dry Matter Determination
Frozen TMR samples were allowed to thaw at room temperature for a minimum
of 30 minutes. Next, the bag was lightly shaken to mix the TMR grab sample and 100
grams of the sample were placed into a small paper bag. Duplicate samples from each
daily sample were analyzed for DM. A convection drying oven was utilized to determine
the DM. In a convection oven, there is a fan which circulates air and a vent which allows
the moist air to leave the oven. The bagged samples were placed in an oven at 60ºC for a
minimum of three days or until the dry weight did not change from the preceding day.
The tops of the bags were left open to allow moisture to escape. The results of the
duplicate samples were averaged to obtain the final determination for each sample.
Statistics
IBM SPSS statistical software was utilized in determining the overall descriptive
statistics of the dataset. The overall means, maximum, minimum and standard deviations
of the DM percentage, precipitation, precipitation prior, maximum temperature,
minimum temperature, average temperature and humidity were determined. Simple
correlations were run between the weather variables and TMR DM. Next a one-way
analysis of variance was used to determine any seasonal differences between weather
parameters by season.
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RESULTS AND DISCUSSION
Dataset and Descriptive Statistics
Data from some collection days was incomplete. These observations were
eliminated from the final data set, resulting in a total of 80 observations, 26, 28 and 26 in
Seasons 1 through 3 respectively. Table 5 illustrates the variability in the collected
measurements. Shown are the mean, maximum, minimum and standard deviations for the
TMR DM, and the weather parameters collected. The average TMR DM percentage
across all seasons was 43.17% with a standard deviation of 5.506 and a range from
29.34% and 55.63%. The highest temperature collected was 73 oF, the lowest was -11 oF,
and the maximum and minimum temperatures had standard deviations of 13.023 and
13.939 respectively. The average temperature was 33.68 oF and the standard deviation
was 12.180. Missing data from the spring and summer months may have influenced the
results by limiting the number of warmer temperatures in the analysis.
The mean precipitation prior was 0.0514 inches with a standard deviation of 0.143
and a range of 0.00 to 0.94. The precipitation on the day of collection was similar with a
mean of 0.0536, a standard deviation of 0.185 and a range of 0.00 to 1.54. The
distribution in precipitation observations were highly skewed since there was a
significant number of days in which no precipitation was recorded. Only 26 of 80 days
had a measurable amount of precipitation. Lastly, the mean humidity collected during this
study was 0.6744% with a standard deviation of 0.141 and a range of 0.36 to 0.96.
Precipitation levels were sporadic with many days in which no rain or snow fell.
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Table 5. Mean, range, and standard deviation of daily TMR, DM, and weather
observations (n=80).
Mean

Minimum

Maximum

Standard
Deviation

Percent Dry Matter

43.17

29.34%

55.63%

5.506%

Max Temp Fo

42.84

16

73

13.023

Min Temp Fo

24.91

-11

73

13.939

Average Daily Temp Fo

33.68

6

61

12.180

Precipitation Prior (inches)

0.0514

0.00

0.94

0.143

Precipitation (inches)

0.0536

0.00

1.54

0.185

Humidity

0.6744

0.36

0.96

0.141

Optimum Total Mixed Ration Dry Matter Percentage
According to Lundquist (2009), the optimum TMR DM should remain above 45%
and according to Davis et al. (1983) the optimum DM percentage is 50%. When TMR
DM is too low, the cows are consuming too much water, suppressing DMI and the cows
do not receive enough energy, protein, and other nutrients contained in the DM. While
the cows at Witter Farm were, on average, fed a TMR with a DM of 43.17%, they were
receiving a TMR that was quite wet, suppressing their ability to achieve maximum DMI.
Overall, during this study, only 32.5% of the feed samples had a DM percentage of 45
and above. During Seasons 1, 2, and 3, the percentage of days within this range was
3.9%, 57.1%, and 34.6%, respectively. As shown in Table 6, the feed was often below
the ideal range, suggesting that the University of Maine’s J.F. Witter Teaching and
Research Center struggles with the feed being too wet. This likely had a negative impact
on the DMI of the herd.
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Table 6. Number of days during Seasons 1, 2, and 3 divided into TMR DM percent
categories.
Percent Dry Matter

Season 1

Season 2

Season 3

<45%

25

12

17

45%-49.99%

1

11

2

50%-54.99%

0

4

7

>55%

0

1

0

N

26

28

26

The results of the data collected during this study suggest that weather does not
affect the DM of the TMR. Precipitation and humidity were highly variable with no
consistent patterns on TMR DM. When analyzing the data by season, patterns did arise
but they were not related to weather. The precipitation was the highest during Seasons 2
and 3 while the TMR DM was also the highest. The high DM was the result of dryer
feeds, differences in ratios of haylage to corn silage and the actual DM of both these
feeds in the ration.
The wetness of the forages at the time of ensiling as well as the exposure of the
silage to the elements are responsible for the high moisture content in TMRs. Mike
Hutjens (2002), a dairy specialist from Illinois, suggests adding drier feeds to a TMR to
increase the DM percentage. Dry ingredients such as soy hulls, hay, and barley are ideal
ingredients because they also help maintain the nutritional balance of the TMR. Little
could be done to increase the DM of the Witter TMR since cornmeal and the grain mix
were the only dry ingredients in theTMR and adding more of these feeds would have
significant changes to the nutrient balance and cost of the ration.
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Variable Correlations
Table 7 is the correlation matrix for the variables collected. There were no
significant correlations (P<0.05) between TMR DM and any of the weather variables.
The highest correlation between TMR DM and any variable was with precipitation
prior -0.152, P= 0.18. The only significant correlations found in Table 7 were between
average temperature and humidity which had a correlation of 0.22 and a P=0.05 and
between precipitation and humidity with a correlation of 0.294 correlation with P=0.008.

Table 7. Correlations and significance amongst TMR DM, Humidity, Average
Temperature, Precipitation Prior, and Precipitation.
Percent Humidity Avg.
Precip. Precipitation
Dry
Temp
Prior
(inches)
Matter
(inches)
Percent DM Correlation 1
0.090
0.054 -0.152
-0.020
Significance
0.428
0.634 0.180
0.860
Humidity
Correlation 0.090
1
0.220 -0.054
0.294
Significance 0.428
0.050 0.636
0.008
Avg. Temp. Correlation 0.054
0.220
1
0.025
0.141
Significance 0.634
0.050
0.829
0.212
Precip. Prior Correlation -0.152
-0.054
0.025 1
-0.035
(inches)
Significance 0.180
0.636
0.829
0.756
Precipitation Correlation -0.020
0.294
0.141 -0.035
1
(inches)
Significance 0.860
0.008
0.212 0.756
Seasons
Table 8 shows the results of the one-way analysis of variance by season with the
mean and standard deviations for DM, average temperature, humidity, precipitation prior,
and precipitation for the three seasons. The average TMR DM for Seasons 1, 2, and 3,
were 38.58%, 46.10%, and 44.61% respectively, with standard deviations of 3.17, 4.21,
5.74. The average temperatures for Seasons 1, 2, and 3 were 29.58o, 44.14o, and 26.50o
with standard deviations of 10.46, 10.69, and 6.50, respectively. Average daily
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temperatures followed seasonal expectations with temperature being higher in the fall
season (2) and lower in the winter seasons (1 and 3). It might be expected that higher
humidity might increase moisture absorption in the exposed silages, however this did not
seem to be the case since Seasons 2 and 3, with the highest humidity also had the highest
TMR DM. No significant seasonal differences were found in the precipitation measures.
Table 8. Mean and standard deviations of percent DM, and weather parameters by
season.
Percent
Avg
Humidity Precip
Precipitation
DM
Temp
Prior
(inches)
(inches)
Season 1 Mean
38.58 a
29.58 a
0.5969a
0.0373
0.0273
SD
3.17
10.46
0.1547
0.0659
0.0314
Season 2 Mean
46.10 b
44.14 b
0.7011b
0.0543
0.1075
SD
4.21
10.69
0.1156
0.1436
0.2976
Season 3 Mean
44.61 b
26.50 a
0.7231b
0.0623
0.0219
SD
5.74
6.50
0.1204
0.1935
0.0609
Means with different letters are significantly different (P<0.05)

Figure 1. A graph comparing the mean TMR DM by season. Season 1 had a minimum
percent DM of 29.34 and a maximum value of 47.04%. During Season 2, the minimum
was 36.21% and maximum percent DM was 55.63. Finally, Season 3 had minimum and
maximum values of 34.30% and 53.26%, respectively.
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Figure 2. A graph showing the mean percent humidity of each season. Season 1 had a
minimum percent humidity of 36 and a maximum value of 91%. During Season 2, the
minimum was 49% and maximum percent humidity was 89%. Finally, Season 3 had
minimum and maximum values of 47% and 96%, respectively.
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CONCLUSIONS
As seen in this study, TMR DM was highly variable but weather had little effect
on TMR DM. However, the feed analysis suggests that the ratio of haylage to corn silage
did have an effect on the TMR DM. There could be a number of factors as to why the
weather had no effect on the TMR DM. First may be that the farm technicians were
successful in protecting the feed from the weather elements. Other factors include
variability caused by weighing and mixing errors. These errors may have hidden the
effects of the weather variables. Another factor may be because samples were taken
during two winter seasons; a frozen silage face may have minimized the effect of weather
conditions on the DM. The lack of collections during spring and summer seasons reduced
the variability of the data set and may have made relationships between weather
conditions and rations DM more difficult to detect. Weather conditions were collected
from the Bangor International Airport weather station, but this may not be representative
of the exact weather conditions that the silage was exposed to in Orono, approximately
10 miles away. Lastly, the initial dampness of the silages may have reduced the ability of
the silages to absorb additional water from the weather conditions.
In conclusion, the variability in TMR DM has a negative effect on the cattles’
feed intake, rumen fermentation, nutrient balance, and milk production.

Changes to Improve Future Experiments
If this experiment were repeated, several changes should be made. If the amount
of feed given to the cows and the amount of refusals were recorded daily, a more accurate
estimate of DMI could be considered. However, measuring the refusals is difficult,
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because water spilled from the cows’ water bowls would cause an error in the weight of
refusals. Collecting samples and finding DM percentages of the feed components stored
outside in the bunker silos would provide more information about how weather affects
the ingredients. Another change that would help reduce errors is if individual milk
production on cows were measured at each milking. With these changes, the data
obtained could provide more information regarding how DM TMR affects the milk
production of dairy cattle.
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